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Description 
Glass-ceramic and its production and use 

5 

The invention relates to a glass-ceramic, a process for 
producing this glass-ceramic and its use for dental 
purposes . 

10 As is known, glass-ceramics are solids in which both a 
glass phase and crystalline regions are present. In the 
microstructure of such glass-ceramics, crystals which 
form the crystal phase are embedded in one or more 
glass phases (the glass matrix) . 

15 

Since the beginning of the 1960s, glass-ceramics have 
been used for dental purposes, in particular as facing 
ceramics for coating/ facing usually metallic 
frameworks. For the historical prior art, reference may 

20 be made to the two US patents 3,052,982 and 3,052,983 
by Weinstein. In these applications, (tetragonal) 
leucite as crystal phase having a high coefficient of 
thermal expansion (CTE, from 25°C to 500°C) of about 
20 x 10" 6 /K is combined with a glass phase which has a 

25 low CTE of, for example, about 8 x 10" 6 /K. Selection of 
the mixing ratios of these components enables different 
coefficients of thermal expansion of the glass-ceramic 
to be set in this way. 

3 0 The use for dental purposes places particular demands 
on the glass-ceramics, especially in terms of their 
mechanical stressability . Thus, the leucite forming the 
crystal phase (secondary phase) represents a potential 
weak point for cracks or even a predetermined breaking 

35 point in the material. Accordingly, crack formation, in 
particular in the glass phase and also within the 
crystal phase, is to be avoided. The glass-ceramics 
having the previously realized microstructures and 



I 
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comprising a glass phase and leucite generally do not 
achieve this. 

Firstly, leucite crystals having a size of up to 60 (ixn 
5 are used in glass-ceramics of this type. Such glass- 
ceramics frequently have cracks both in the glass phase 
and also in the crystal phase (leucite phase) because 
of the large differences in the CTE values of the 
individual components and because of the comparatively 
10 large leucite crystals. The leucite phase in these 
glass-ceramics is heterogeneously distributed in the 
glass phase/glass matrix. 

In another known group of glass-ceramics, smaller 
15 leucite crystals are used. Thus, EP 0 690 030 describes 
glass-ceramics which comprise not only a leucite phase 
but also a f luoroapatite phase as further crystal 
phase, with the leucite crystals present being required 
to have mean particle sizes of < 5 jam. US 5,653,791, 
20 too, describes glass-ceramics having particular 
chemical compositions and containing leucite crystals 
whose particle sizes do not exceed 10 (am. 

Glass-ceramics having relatively small leucite crystals 
25 also frequently display a strong tendency to form 
cracks (both in the glass phase and in the leucite 
phase) having a size of up to 1 |im. In addition, the 
leucite crystals of many of these ceramics tend to 
undergo uncontrolled crystal growth in the case of 
30 multiple firings, which once again results in stresses 
and cracks . 

It is therefore an object of the invention to avoid the 
indicated disadvantages of the glass-ceramics of the 
35 prior art. Thus, crack formation in the glass-ceramic 
should be largely suppressed and even be completely 
avoided if possible. The corresponding glass-ceramics 
should, as a result of a substantially optimized 
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microstructure, be particularly suitable for use in the 
dental sector. 

This object is achieved by the glass-ceramic having the 
5 features of claim 1 and the process having the features 
of claim 21. Preferred embodiments of this glass- 
ceramic and this process are described in the dependent 
claims 2 to 20 and 22 to 24, respectively. Claims 25 to 
27 define a novel use of the glass-ceramic claimed and 
10 a corresponding tooth replacement. The wording of all 
claims is hereby incorporated by reference into this 
description . 

The glass-ceramic of the invention has a continuous 
15 glass phase and a crystal phase comprising tetragonal 
leucite. The glass phase is free of cracks (according 
to current understanding based on microscopic 
examination) and the crystal phase is distributed 
essentially homogeneously in this glass phase. The 
20 leucite crystals in the crystal phase have, according 
to the invention, a particular particle size 
distribution, namely from about 5% to about 7 0% of the 
leucite crystals have particle sizes of < 1 ^m and from 
about 30% to about 95% of the crystals have particle 
25 sizes of > 1 Jim. 

In contrast to the prior art, leucite crystals which 
have particle sizes of < 1 pm and are consequently in 
the nanometer size range are present in the glass- 

30 ceramic according to the invention. The microstructure 
of the claimed glass-ceramic can thus also be referred 
to as a "nanoleucite structure" . All of the leucite 
crystals present are distributed essentially 
homogeneously in the crack- free glass phase/glass 

35 matrix. For the purposes of the present invention, the 
expression "essentially homogeneous distribution" means 
that, on average, approximately the same number of 
leucite crystals are present in equal-sized regions of 
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the glass phase when examined under a 
microscope/electron microscope. 

It should be emphasized that the proportion of Li 2 0 in 
5 the glass-ceramic is preferably below 0.5% by weight. 
In particular, this proportion is below 0.4% by weight 
and more preferably in the range from 0% by weight to 
0.3% by weight. 

10 For reasons of completeness, it may be mentioned that 
leucite has the chemical formula K[Ali 2 0 6 ] and is used 
in its tetragonal structure according to the invention. 

The invention is in principle not restricted in respect 
15 of the glasses /glass matrix used. According to the 
invention, particular preference is given to using 
silicate glasses, in particular glasses having an 
appreciable proportion of alkali metal ions, i.e. 
alkali metal silicate glasses. 

20 

In a further embodiment, the glass -ceramic of the 
invention preferably comprises the following 
components : 

25 - from 58% by weight to 75% by weight of Si0 2 , 
from 8% by weight to 15% by weight of Al 2 0 3 , 
from 7% by weight to 15% by weight of K 2 0, 
from 2% by weight to 12% by weight of Na 2 0, 
preferably from 2% by weight to 7% by weight of 

30 Na 2 0 or from 9% by weight to 12% by weight of Na 2 0, 

from 0% by weight to 0.4% by weight of Li 2 0, 
from 0% by weight to 1% by weight of Sb 2 0 3 , 
from 0% by weight to 2% by weight of CaO, 
from 0% by weight to 2% by weight of F, 

3 5 - from 0% by weight to 2% by weight of B 2 0 3 , 
from 0% by weight to 1% by weight of Ce0 2 , 
from 0% by weight to 0.5% by weight of P 2 0 5 , 
from 0% by weight to 2% by weight of MgO, 
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from 0% by weight to 2% by weight of BaO. 

In all the amounts given above and below, the percent 
by weight values are based on the total glass-ceramic. 

5 

According to the invention, preference is given to the 
glass-ceramic containing 0.1% by weight or more of 
Sb2C>3. Further preference is given to Sb20 3 contents of 
from 0.1% by weight to 0.5% by weight. 

10 

Preference is likewise given to the glass-ceramic 
containing 0.1% by weight or more of BaO, preferably 
from 0.1% by weight to 0.5% by weight of BaO. 

15 In other preferred embodiments of the glass-ceramic of 
the invention, the glass-ceramic contains from 0% by 
weight to 1.5% by weight of CaO, in particular from 
0.1% by weight to 1% by weight of CaO. 

20 Preference is likewise given to the glass-ceramic 
having a proportion of F from 0% by weight to 1% by 
weight, in particular from 0.1% by weight to 0.4% by 
weight . 

25 Apart from the abovementioned components, it is 
possible, if desired, for further materials to be 
present in the glass-ceramic. Thus, preference is given 
to the glass-ceramic containing up to 1.0% by weight of 
Sn0 2 , up to 1.0% by weight of Ti0 2 and/or up to 1% by 

30 weight of Zr0 2 . 

Among all the novel glass-ceramics which have been 
claimed and described, further preference is given to 
those having particular compositions, since they are 
35 particularly useful for dental purposes. 
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Thus, particular emphasis may be given according to the 
invention to glass-ceramics which comprise the 
components : 

5 - from 60% by weight to 70% by weight of Si0 2 , 
from 10% by weight to 15% by weight of A1 2 0 3/ 
from 10% by weight to 15% by weight of K 2 0, 
from 2% by weight to 7% by weight of Na 2 0, 
from 0% by weight to 0.3% by weight of Li 2 0, 
10 - from 0.1% by weight to 0.5% by weight of Sb 2 0 3 , 
from 0.1% by weight to 0.5% by weight of BaO, 
from 0.5% by weight to 1.0% by weight of CaO, 
from 0.1% by weight to 0.4% by weight of F. 

15 Among these, preference is in turn given to glass- 
ceramics which comprise the following components: 

from 63% by weight to 67% by weight of Si0 2/ 
from 12% by weight to 15% by weight of Al 2 6 3 , 

2 0 - from 10% by weight to 14% by weight of K 2 0, 
from 2% by weight to 6.5% by weight of Na 2 0, 
from 0.1% by weight to 0.2% by weight of Li 2 0, 
from 0.1% by weight to 0.3% by weight of Sb 2 0 3 , 
from 0.1% by weight to 0.3% by weight of BaO, 

25 - from 0.6% by weight to 1.0% by weight of CaO, 
from 0.1% by weight to 0.3% by weight of F. 

Furthermore, emphasis may be given according to the 
invention to glass-ceramics which comprise the 
30 following components: 

from 58% by weight to 65% by weight of Si0 2/ 
from 12% by weight to 15% by weight of Al 2 0 3 , 
from 8% by weight to 12% by weight of K 2 0, 
35 - from 9% by weight to 12% by weight of Na 2 0, 
from 0% by weight to 0.3% by weight of Li 2 0, 
from 0.1% by weight to 0.3% by weight of CaO, 
from 0% by weight to 0.2% by weight of BaO, 
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from 0.4% by weight to 1.2% by weight of B 2 0 3/ 
from 0% by weight to 1.0% by weight of Sn0 2 , 
from 0.1% by weight to 0.5% by weight of F, 
from 0.2% by weight to 1.0% by weight of Ce0 2 . 

5 

In all embodiments of the glass-ceramic of the 
invention, it is possible for further additives, 
preferably colorants, in particular pigments, to be 
added in preferably small amounts to the glass-ceramic. 
10 The addition of such pigments is particularly 
appropriate in the use of the glass-ceramic in the 
dental sector as addressed below, for example to 
achieve the various color shades of facing ceramics. 

15 The leucite crystals having particle sizes of < 1 jam, 
which for the purposes of the invention are also 
referred to as w first group" of crystals, are present 
in the glass-ceramics claimed in amounts of preferably 
from about 5% to about 50%, based on all the leucite 

20 crystals present. Within this range, preference is 
given to from about 5% to about 3 5%, in particular from 
about 5% to about 20%, of leucite crystals of the first 
group being present . 

In further preferred embodiments of the glass-ceramic 
25 of the invention, the leucite crystals of the first 
group have particle sizes of less than 0.5 Jim, in 
particular less than 0.3 pm. 

The leucite crystals having particle sizes of > 1 |im 
3 0 present according to the invention will, for the 
purposes of the invention, be referred to as "second 
group" of crystals. The preferred proportions of the 
leucite crystals of the second group correspond to the 
values given above for the preferred proportions of the 
35 leucite crystals of the first group. According to the 
invention, the leucite crystals of the second group 
preferably have particle sizes in the range from 1 
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to 10 [\m r with particle sizes of from 1 pm to 7 jum 
being further preferred within this range. 

In a further embodiment, the leucite crystals of the 
5 second group comprise more than 50% of leucite crystals 
having particle sizes of from 1 pm to 7 jim and less 
than 50% of leucite crystals having particle sizes of 
> 7 jam. Further preference is given to only a 
comparatively small proportion of the leucite crystals 

10 of the second group having particle sizes of > 7 jxm. 
Thus, preferably more than 80%, in particular more than 
90%, of the leucite crystals of the second group have 
particle sizes in the range from 1 jam to 7 (im, and, 
accordingly, less than 2 0%, in particular less than 

15 10%, have particle sizes of > 7 Jim. 

In accordance with what has been stated above, a 
particularly preferred glass-ceramic according to the 
invention therefore has a particular particle size 
20 distribution of the leucite crystals in the crystal 
phase, namely 

from about 5% to about 50% of the leucite crystals 
have particle sizes of < 1 [xm (leucite crystals of 
the first group) , 

2 5 - up to about 1%, preferably up to about 0.5%, of 

the leucite crystals have particle sizes of > 7 pm 
(first part of the leucite crystals of the second 
group) , and 

the balance, based on 100% of all the leucite 
30 crystals present, of leucite crystals having 

particle sizes in the range from 1 pm to 7 [im 
(second part of the leucite crystals of the second 
group) . 

3 5 In particular embodiments of the invention, not only 

the glass phase of the glass-ceramic claimed but also 
the crystal phase (leucite phase) is essentially free 
of cracks. 
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The glass-ceramic of the invention preferably has a 
coefficient of thermal expansion (CTE, from 25°C to 
500°C) of from 11 to 16.5 x 10" 6 /K and also a preferred 
5 firing temperature of from 700°C to 950°C. 

The process of the invention for producing the glass- 
ceramic claimed comprises mixing the glass particles 
which form the glass phase/glass matrix, for example 

10 particles having dso values of from 2 pm to 20 |im, and 
leucite crystals having an appropriate particle size 
distribution with one another. The mixture obtained in 
this way is then subjected to a heat treatment at 
temperatures in the range from 700°C to 1 100°C. Within 

15 this temperature range, temperatures in the range from 
850°C to 1 050°C are preferred for the heat treatment. 

The duration of the heat treatment described can 
essentially be chosen at will. However, the heat 
20 treatment is preferably carried out over periods in the 
range from 10 minutes to 2 hours, preferably from 3 0 
minutes to 1.5 hours. In many cases, further preference 
is given to the heat treatment being carried out for a 
period of about 1 hour. 

25 

Leucite as can be used in the process of the invention 
is commercially available. However, it can also be 
weighed out stoichiometrically in accordance with the 
above chemical formula and be melted. 

30 

A particularly preferred process according to the 
invention comprises the preparation of the leucite 
crystals as follows: 

35 - weighing out stoichiometric amounts of the 
components for the leucite, preferably potassium 
oxide (K 2 0) , aluminum oxide (Al 2 0 3 ) and silicon 
dioxide (Si02> / 
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melting the stoichiometric mixture obtained at 
temperatures of from 1 400°C to 1 600°C, 
heat-treating the fused product, preferably at a 
temperature of about 1 000°C for 1 hour, 
5 - comminuting the heat-treated product to the 
desired particle size distribution, preferably by 
means of at least one milling step. 

Of course, the desired particle size distribution can 
10 also be obtained by mixing appropriate fractions of 
leucite crystals. 

As already mentioned, the disadvantages of the prior 
art indicated at the outset are avoided by means of the 

15 glass-ceramic of the invention and by means of the 
process of the invention. As a result of the newly 
defined microstructure comprising the homogeneous and 
finely dispersed crystal phase/leucite phase, crack 
formation in the glass-ceramic is minimized. No cracks 

2 0 whatever occur in the glass phase, and only extremely 
isolated cracks, if any, occur in the leucite phase. 
Owing to this microstructure, the glass-ceramic of the 
invention has very good materials properties, which are 
also reflected in a smooth surface and a very good 

25 polishability of the material. 

At this point, the preferably small proportion of Li 2 0 
in the glass-ceramic should be emphasized once again. 
It has surprisingly been found that the uncontrolled 

30 growth of leucite crystals which frequently occurs in 
multiple firings is greatly reduced at Li 2 0 contents of 
< 0.5% by weight. Uncontrolled growth can result in 
stresses in the ceramic which in turn lead to cracks 
both in the glass matrix and in the crystals 

35 themselves. At a low Li 2 0 content, the crystals in the 
matrix remain stable. 
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All these properties make the ceramic of the invention 
particularly suitable for use in the dental sector. 
Accordingly, the invention also provides for the use of 
the glass-ceramic claimed for dental purposes, in 
5 particular as dental material. A particularly preferred 
use of the glass-ceramic claimed is the facing of tooth 
replacement, in particular for metal-ceramic tooth 
replacement. These are, as is known, systems in which a 
basic framework /base body comprising metals or metal 

10 alloys is coated or faced with the appropriate glass- 
ceramic (dental ceramic) . The CTE values (from 25°C to 
500°C) of the glass-ceramic are generally from 0.5 to 
2 units below the CTE values of the framework 
materials. Of course, the glass-ceramic claimed can 

15 also be used, for example, as material for inlays, 
onlays and veneers . 

Finally, the invention encompasses the tooth 
replacement itself which, after its production, 
20 comprises a glass-ceramic according to the invention 
(claim 27) . This is, in particular, a metal-ceramic 
tooth replacement, i.e. generally a base body or a 
framework comprising a metal or a metal alloy which is 
coated and/or faced with the glass-ceramic claimed. 

25 

Further features of the invention can be derived from 
the following examples in combination with the 
subordinate claims. Here, the features and properties 
presented can be realized either alone or in a 
30 combination of a plurality thereof. 

Example 1 

To prepare leucite crystals, K 2 0, A1 2 0 3 and Si0 2 
35 (quartz) are weighed out in stoichiometric amounts 
corresponding to the chemical formula K[AlSi 2 0 6 ] and the 
resulting mixture is melted at 1 500°C. The cool melt 
is subsequently subjected to a heat treatment at 
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1 000°C for a period of 60 minutes. The heat-treated 
product obtained is then finely milled in a mill until 
the following particle size distribution is obtained: 

about 20% of leucite crystals in the nanometer 
5 range, i.e. < 1 (jm (first group of leucite 

crystals) , 

about 79% of leucite crystals in the lower [xm 
range from 1 |im to 7 jam (larger part of the second 
group of leucite crystals) , and 
10 - balance, about 1%, of leucite crystals having 
particle sizes of > 7 jam (smaller part of the 
second group of leucite crystals) . 

After milling, the finely milled leucite crystals are 
15 mixed with glass particles (the glass matrix) in the 
desired mixing ratio. The silicate glass used (alkali 
metal silicate glass) is produced by melting the 
following components at about 1 500°C: 

Si0 2 65.9% by weight 

A1 2 0 3 14.3% by weight 

K 2 0 10.5% by weight 

Na 2 0 8.2% by weight 

Li 2 0 0.5% by weight 

CaO 0.1% by weight 

B 2 0 3 0.5% by weight. 

20 

The mixed components (leucite crystals, glass matrix) 
are subsequently subjected to a heat treatment at about 
1 000°C for a period of 60 minutes. A mixing ratio of 
glass : leucite of, for example, 1:1 results in a glass- 

25 ceramic according to the invention having a firing 
temperature of 900°C and a CTE (from 25°C to 500°C) of 
14 x 10" 6 /K. Examination under a microscope/electron 
microscope shows a crack-free microstructure in which 
the leucite crystals (leucite phase) are homogeneously 

30 distributed in the glass phase. The glass-ceramic is 
especially suitable as facing ceramic for dental 
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purposes. It displays excellent compatibility with a 
metal framework, for example a high-gold-content alloy 
having a CTE in the appropriate range, and can readily 
be worked in the patient's mouth, for example by 
5 polishing . 

Example 2 

In essentially the same way as in example 1, leucite 
10 crystals having the following particle size 
distribution are prepared under different milling 
conditions: 

about 7% of leucite crystals in the nanometer 
15 range, i.e. < 1 fim (first group of leucite 

crystals) , 

about 92% of leucite crystals in the lower |im 
range from 1 jjm to 7 jam (larger part of the second 
group of leucite crystals) , and 
20 - a balance, about 1%, of leucite crystals having 
particle sizes of > 7 jam (smaller part of the 
second group of leucite crystals) . 

These leucite crystals are mixed in the desired mixing 
25 ratio with the glass particles described in example 1 
and are heat-treated in the same way. This likewise 
gives (mixing ratio = 1:1) a glass-ceramic according to 
the invention having a firing temperature of about 
900°C and a CTE (from 25°C to 500°C) of 14 x 10~ 6 /K. 
3 0 Examination under a microscope/electron microscope 
shows a crack- free microstructure in which the leucite 
crystals (leucite phase) are homogeneously distributed 
in the glass phase. The glass-ceramic is especially 
suitable as facing ceramic for dental purposes. It 
35 displays excellent compatibility with a metal 
framework, for example a high-gold-content alloy having 
a CTE in the appropriate range, and can readily be 
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worked in the patient's mouth, for example by- 
polishing . 

Example 3 

5 

An alkali metal silicate glass is produced by melting 
the following components at about 1 500°C: 



Si0 2 


77 . 8% by weight 


A1 2 0 3 


4 . 0% by weight 


K 2 0 


3 . 8% by weight 


Na 2 0 


11.4% by weight 


Li 2 0 


0.2% by weight 


Sb 2 0 3 


0.4% by weight 


BaO 


0.4% by weight 


CaO 


1.6% by weight 


F 


0.4% by weight 



The alkali metal silicate glass prepared in this way is 
10 milled to give fine particles. It is subsequently used 
to prepare a mixture consisting of 

50% by weight of glass particles having the above 
composition, 

48.5% by weight of leucite crystals prepared and 
15 finely milled as described in example 1 and 

1.5% by weight of pigments. 

In a manner analogous to example 1, this mixture is 
subjected to a heat treatment at about 1 000°C for a 
2 0 period of 60 minutes. This gives a glass-ceramic 
according to the invention having a firing temperature 
of 900°C and a CTE (from 25°C to 500°C) of about 
13 x 10~ 6 /K. 

25 The glass-ceramic is especially suitable as facing 
ceramic for dental purposes. It displays excellent 
compatibility with a metal framework, for example a 
high-gold-content alloy having a CTE in the range from 
13.8 x 10" 6 /K to 15.1 x 10" 6 /K, and can readily be 
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worked in the patient's mouth, for example by 
polishing. 

The overall composition of the glass-ceramic produced 
5 in this way was determined by X-ray fluorescence 
analysis. The main constituents are as follows: 



65.6% by weight of Si0 2 , 
13.4% by weight of Al 2 0 3/ 



10 



12.4% by weight of K 2 0, 
5.7% by weight of Na 2 0 / 
0.1% by weight of Li 2 0, 
0.2% by weight of Sb 2 0 3 , 
0.2% by weight of BaO, 
0.8% by weight of CaO, 
0.2% by weight of F. 



15 



